Background The economic burden linked to rheumatoid arthritis (RA) has greatly increased since the inclusion of biotherapies in the therapeutic arsenal. Objectives This study aimed first to look at the breakdown of the rheumatoid arthritis patients on biotherapy in Alsace, France, in 2012, then to evaluate the annual cost per treated patient for each management pathway: inpatient care with intravenous biotherapies and/or outpatient care through the use of subcutaneous drugs, and finally to conduct a cost comparison with a focus on infliximab, adalimumab and etanercept. Methods This observational study was conducted in Alsace using 2012 health claims data from the DCIR (Données de Consommation Inter Régime) and PMSI (Programme de Médicalisation des Systèmes d'Information) databases, taking into account direct medical and non-medical costs in a real-life setting and from a National Health Insurance perspective. Results There were 5702 RA patients, i.e. 0.31 % of the Alsace population in 2012, including 1075 subjects (18.85 %) receiving biotherapy treatment. The most frequently prescribed biotherapies were etanercept and adalimumab. The estimated overall cost of care of these 5702 patients was €30.3 million, with about 50 % for the care of the 18.85 % patients on biotherapy. Average costs for inpatient, outpatient and mixed care ranged from €14,197 to €16,873 per patient per year. Annual average cost for management of a single RA patient with infliximab was significantly higher than with adalimumab and etanercept: €16,480 versus €14,116 and €14,338, respectively. Conclusion These findings confirm the trends of initial modelling approaches and quantify the cost difference between various biotherapy management pathways.
Introduction
The last decade saw the transition for the treatment of moderate-to-severe rheumatoid arthritis (RA) from general immunomodulators to biotherapies. Recent therapeutic guidelines have positioned the biotherapies in the therapeutic arsenal [1] [2] [3] [4] [5] . Early treatment of RA with biotherapies translates into substantial cost savings as they appear to improve work ability or prevent future orthopaedic surgery. However, these biological drugs are associated with high procurement costs [6] [7] [8] .
In parallel, sweeping changes in the organisation of the French healthcare policy have occurred with the implementation since 2004 of a Diagnosis-Related-Groups (DRG) based payment system correlating the government funding of each hospital with specific activity parameters. In addition to the above, innovative and expensive drugs like biotherapies are included in a restricted list: they are completely funded in addition to hospitalisation stays. This payment scheme enables all hospitals to have access to these therapies. However, the percentage of range of cost increase for these innovative drugs is pre-defined at a national level, in an attempt to control the cost expenditure [9] .
In this context of close health cost control, a better understanding of how biotherapies impact the costs of managing RA will allow improvement in decisions concerning resource allocation, and also reinforce the compliance with therapeutic guidelines. Predicting the annual cost of biotherapies is complex due the differences in dosing schedules. Furthermore, patients may not respond and may require dose escalation over time or a switch between biotherapies. Some biotherapies are only administered at the hospital while others can also be administered by subcutaneous (SC) route at home, leading to different management pathways [10] . SC biotherapies affect outpatient care expenditure, while intravenous (IV) biotherapies have an impact on hospital expenses. Those differences can lead to a potential reduction of hospital activity which in turn needs to be anticipated.
This study aimed first to look at the breakdown of the RA patients on biotherapy in 2012 in Alsace, and second to estimate the annual cost per treated patient for each management pathway: inpatient care with IV medications and/or outpatient care through the use of SC drugs, all in a real-life setting, and finally to complete a cost comparison with a focus on infliximab, adalimumab and etanercept.
Patients and Methods

Data Source
A retrospective observational study was conducted by OMEDIT Alsace (Observatoire du Médicament, des Dispositifs médicaux et de l'Innovation Thérapeutique) using administrative claims data from the DCIR (Données de Consommation Inter Régime) and PMSI (Programme de Médicalisation des Systèmes d'Information) databases from 1 January 2012 to 31 December 2012. Alsace is a French administrative region that accounted for 1.86 million inhabitants in 2012 at whatever age, i.e. 3 % of the French population, and among them 1.41 million people aged 20 years or over.
Data relative to outpatient care and to inpatient care are stored and linked into the DCIR datamart that is part of the SNIIRAM (Système National d'Information Interrégimes de l'Assurance Maladie) data warehouse of National Health Insurance, that records anonymised data about patients who benefit from medical care with intent of having adequate knowledge on expenses concerning all health insurance schemes, thus enabling evaluation of public health policy. The main benefit of its use for epidemiological purposes is to have access to information about the healthcare circuit including hospitalisation and outpatient care for the same individual. Its access is restricted to authorised people specified through a national policy. Information strictly required for the purpose of the study was provided in the form of anonymised and aggregated data by DRSM (Direction Régionale du Service Médical) Alsace-Moselle that has access to DCIR and PMSI databases with respect to the approval of the French data protection authority CNIL (Commission nationale de l'informatique et des libertés). Data extracted concerned the patient population residing and insured in Alsace under the general scheme managed by CNAMTS (Caisse Nationale de l'Assurance Maladie des Travailleurs Salariés), which covered 80 % of residents in Alsace in 2011 [11] .
Rheumatoid Arthritis Patient Population
RA is one of the chronic diseases included in the Long Term Diseases (LTD) list for which CNAMTS provides 100 % health insurance coverage. Data extracted from the DCIR and PMSI databases enabled us to consider all RA patients in a real-life setting. The RA patients included in the study were defined as patients residing and insured in Alsace under the general scheme managed by CNAMTS, who were at least 20 years or older and who had RA classified as LTD no. 22, irrespective of whether or not they had another disease classified as another LTD with the exception of LTD no. 24 (ulcerative colitis and Crohn's disease) and LTD no. 27 (severe active ankylosing spondylitis), since some biotherapies are also approved for use in patients with one or both of these latter diseases [10] . Data pertaining to hospitalisation were described with the possible attribution of one of the following diagnostic codes as the principal or related diagnosis as per the ICD-10 (International Classification of Diseases-10th revision), namely code M05: seropositive rheumatoid arthritis and code M06: other rheumatoid arthritis. The main point for defining a RA population was of having LTD no. 22 with or without hospitalisation with RA codes encoded as primary or secondary diagnosis.
Biotherapies
Several biotherapies were indicated for the treatment of RA in France in 2012 (see Table 1 ): infliximab, abatacept, tocilizumab and rituximab, which were administered by infusion at hospital, and adalimumab, etanercept, golimumab, certolizumab and anakinra, which were administered by SC route at home [10] . RA patients were included in the biotherapy group as they had at least one claim for a biotherapy treatment registered in the DCIR in 2012. Three biotherapy management pathways have been distinguished: inpatient care that corresponds to patients who are systematically administered biotherapy treatment by infusion at hospital, whether or not they switch from an IV biotherapy to another IV biotherapy during the year of the study; outpatient care that groups patients who are systematically administered biotherapy treatment by the SC route at home, whether or not they switch from a SC biotherapy to another SC biotherapy during the study period; and finally mixed care that clusters patients who switch from IV biotherapy to SC biotherapy or vice versa.
Costs
The viewpoint of the study was that of the French National Health Insurance CNAMTS.
The following direct medical and non-medical cost categories were taken into account for each patient, whether or not he was on biotherapy, and rounded up to the nearest 10 euros: costs for treatment include cost of biotherapy and concomitant medications, and management costs including inpatient and outpatient care. Inpatient care costs were determined on the basis of the 2012 French tariffs per DRG relative to hospitalization in medical, surgical and obstetric wards. Cost data regarding outpatient care were relative to consultation with a general practitioner or a specialist, cost of SC injections administered at home by nurses were included as well. Other costs included expenses incurred for performing laboratory tests, radiology examinations and kinesitherapy on the patient. A last cost category related to transport expenses. Since all patients included in the study had a RA classified as LTD no. 22, all costs were fully covered by the French National Health Insurance CNAMTS, so that the total expenditure was taken into account.
Statistical Analysis
A first descriptive analysis was carried out in order to describe the biotherapy distribution in the entire RA population, and to calculate the overall cost to support the RA patient care. Then, patients considered to be treated for less than 8 months with biotherapies in 2012 were dropped from the study in order to get a more realistic value of the actual annual average cost per RA patient management. Otherwise, this would have led to an under-estimation of its value. Comparison of demographic variables and clinical characteristics were performed using the Chi-square test, since all of the variables were categorical variables. Annual average costs per patient stratified by biotherapy and concerning infliximab, adalimumab and etanercept were compared using the Mann-Whitney U test. A sensitivity analysis was carried out in order to check if costs of managing RA with biotherapies were robust to changes in biotherapy treatment duration, if patients were treated for more than 6, 8 or 10 months.
A p value below 0.05 was considered to be of statistical significance. Computations were performed using R, version 3.1.0.
Results
Biotherapy Distribution in the Patient Population
There were 5702 RA patients, i.e. 0.31 % of overall population of Alsace in 2012, of whom 1075 (18.85 % of RA patients) were under biotherapy treatment. Outpatient care represented 63.8 % of situations studied whereas inpatient care and mixed care reached 32.5 and 3.7%, respectively, of the overall health care for RA. Each of the three subgroups was divided into different treatment groups, according to the modalities that are described in Table 2 . Infliximab, adalimumab and etanercept treatment without any switch during the year represented about two-thirds (66.1 %) of the different management pathways observed. The most commonly used biotherapies were etanercept and adalimumab, which were used for 368 patients (31.4 %) and 339 patients (28.9 %), respectively, whether or not they switched to another biotherapy. This was followed by IV biotherapies: abatacept which was used to treat 59 patients (5.0 %), tocilizumab and rituximab were used to treat a total of 201 patients (17.2 %), and infliximab was used to treat 137 patients (11.7 %). Overall, 844 patients (72.0 %) were prescribed infliximab and/or adalimumab and/or etanercept. Other SC biotherapies listed here were among the least represented with only 69 patients thus treated (5.9 %) in 2012: 51 with certolizumab, ten with anakinra and eight with golimumab. The main mixed care switch was between adalimumab and IV biotherapy (11 patients, i.e. 27.5 %). The second situation experienced was a switch between etanercept and IV biotherapy (nine patients, i.e. 22.5 %). Over the total mixed care switch situations encountered, 35 situations (87.5 %) involved at least one anti-TNF treatment.
Description of Cost Categories
Overall cost to support the 5702 RA patient care in Alsace in 2012 was €30.3 million, and costs related to the 18.85 % of RA patients on biotherapy accounted for €14.9 million, representing 49.2 % of this total amount. Biotherapy acquisition cost represented the largest part of the cost attributable to RA treatment containing biotherapies, followed by hospitalisation cost. In fact, about €10 million could be attributed to the procurement of the biological drugs and €2.4 million linked to hospital facilities, i.e. 67.5 and 16.2 % of the overall expenditure regarding RA patients treated with biotherapies. Almost a quarter of total cost allocated to the management of RA patients that were not treated with biotherapies was attributed to visits to physicians. Details are provided in Table 3 .
Baseline Clinical and Demographic Characteristics
After excluding the 213 patients treated for less than 8 months with biotherapies in 2012, a total of 862 patients under biotherapy remained for the analysis. A patient selection flowchart is provided in Fig. 1 . In the remaining RA population (n = 5489), the male/female sex ratio was Outpatient care 100 mg per injection daily SPC summary of product characteristics, W week 0.38 (n = 1516 vs. 3973) and the median age range was 60-69 years. Patients on biotherapy were younger, had fewer comorbidities recognised as LTD and consulted a general practitioner or a specialist more frequently. Baseline characteristics of the study population are summarised in Table 4 .
Comparison of Annual Average Costs per Patient
Annual average costs relative to inpatient, outpatient and mixed care are given in Table 5 . When looking at patients treated for at least 8 months with biotherapy, biotherapy acquisition costs and hospital stays were the two major items of expenditure, representing 83.4 % of the total expenses of inpatient care, and 84.4 % of total expenses of mixed care. The amount allocated to biotherapy acquisition reached in itself 80.7 % of the total outpatient care expenses. Table 6 shows annual average costs per patient with a focus on the three anti-tumour necrosis factor alpha (anti-TNF a) therapies infliximab, adalimumab and etanercept, without any switch during the study period. There were no significant cost differences between adalimumab and etanercept, with the exception of biotherapy acquisition, which was greater for adalimumab, and for nurse visits and laboratory tests, which were greater for etanercept. When comparing infliximab with adalimumab and with etanercept, there were no cost differences relative to visits to physicians, nurse visits, kinesitherapy and radiology. Costs relative to biotherapy acquisition were higher for adalimumab and etanercept, and those relative to transport, LTD long-term disease laboratory tests and hospitalisation were greater for infliximab. Annual average cost per RA patient management with infliximab was significantly higher than those with adalimumab and etanercept: €16,480 vs. €14,116 and €14,338, respectively. The higher cost of infliximab was mainly explained by additional hospitalisation costs linked to hospital facilities, transportation and more frequent laboratory tests. A sensitivity analysis was carried out and showed the costs of managing RA with biotherapies were robust to changes in biotherapy treatment duration, so that the average cost per RA patient management with infliximab was lower than that with adalimumab and etanercept, whether they were treated for more than 6, 8 or 10 months.
Discussion
Previous pharmacoeconomic assessments compared costs for administering biotherapies for treating inflammatory rheumatic diseases at both the national and international levels [12] [13] [14] [15] [16] [17] [18] [19] . French analyses were theoretical approaches and/or took into consideration only the data extracted from hospital databases (PMSI) [12, 13] . This appears to be the first French study describing inpatient and outpatient costs of biotherapy management pathways in RA using data collected from the National Health Insurance claims database. The study indicates that 18.85 % of RA patients were treated with biotherapies in Alsace in 2012, which represented €14.9 million of the total expenses, and this accounts for almost half of the total amount allocated to treat all RA patients. There were 5702 patients with RA classified as a LTD no. 22, corresponding to 0.31 % of the inhabitants in Alsace in 2012 when using the number of people whatever their age, i.e. 1.86 million inhabitants. We chose to calculate the percentage of RA patients using the number of people whatever their age, since the number of RA patients under 20 years old was considered to be negligible, as it represented 1.5 % of entire population with RA classified as LTD no. 22 . When only considering the number of 1.41 million of people aged 20 years or over in Alsace in 2012, the proportion of RA patients for this age group increased to 0.40 %. Although this result cannot be treated as prevalence per se, it is consistent with data from the French EPIRHUM-2 (Epidémiologie des rhumatismes inflammatoires) survey that showed in 2001 a RA prevalence of 0.31 % in France, as well as in Lorraine, which is a border region of Alsace [20, 21] . Another study conducted in the northern part of France indicated a prevalence of RA of about 0.20 % in 2005 [22] . Demographic results are coherent with previous studies such as the EPIRHUM-2 survey that showed there was a higher age-specific prevalence of RA in the 65-74 years age range, and a 2004 study that described the characteristics of RA patients managed by hospital-based rheumatologists in France and showed a male/female sex ratio of 0.29 and a mean age of 56.7 years [23] .
When ranking the number of patients under biotherapies, the main management pathway encountered was that of outpatient care (63.8 %), and more than 60 % of patients were treated with etanercept or adalimumab. This result supports previous findings of national and international studies showing that outpatient care is an option used extensively in everyday practice [12] [13] [14] [15] [16] [17] . The lower use of golimumab, certolizumab and abatacept in 2012 can be explained by the fact that they were commercialised later (September 2012, April 2010 and December 2011, respectively). Few changes in the administration route of the biotherapy treatment were observed during the year in our study: less than 4.0 % of mixed care that could correspond to intolerance or to non-responders, due to the emergence of resistance or to a poor adherence to treatment. The study showed that the average cost of adult RA patients treated with IV biotherapies seemed to be higher than that of outpatient care, and that the average cost for patients treated with infliximab was significantly higher than that with adalimumab and etanercept. This finding was quite surprising since the biological follow-up is supposed to be the same whatever the type of biologic used. We assumed that patients under treatment with infliximab may have a systematic biological follow-up when they go to hospital, and are followed more closely than patients under SC biotherapies. Moreover, recommendations for monitoring RA patients treated with anti-TNF a are: one biological follow-up (liver function tests and complete blood count) at 1 and 3 months, then every 3 months for SC biotherapies, and a biological follow-up at each perfusion, such as every month for infliximab. The monitoring frequency difference could account for why laboratory tests are more costly in the infliximab group.
Cost comparison is only valuable when efficacy and safety of drugs are comparable. Previous studies demonstrated that biotherapies were effective treatments compared to placebo or conventional drugs, and a 2010 metaanalysis showed there were no significant differences in efficacy at 24 weeks between etanercept, adalimumab and infliximab with or without methotrexate treatment [24, 25] . A 2014 review indicated there was no difference in efficacy or in the side-effect profiles between IV and SC biotherapies [26] . Moreover, marketing authorisation for use in RA was granted for a sufficient period of time so that infliximab, adalimumab and etanercept benefited from a particularly extensive post-marketing experience, making the comparison between those three anti-TNF a therapies available [10] . Cost comparison demonstrated RA patient management was less costly with adalimumab or etanercept than with infliximab. The main cost difference between the three biotherapy options was the hospitalisation cost, which was significantly greater for the IV medication than for SC drugs. When comparing these results with those of international studies evaluating costs in the setting of real world data, it is now obvious that treatment with infliximab is the most expensive. In fact, Schabert et al. [14] carried out a study looking at the annual cost per patient from the payer perspective for etanercept, adalimumab and infliximab in adults with rheumatoid arthritis, psoriasis, psoriatic arthritis or ankylosing spondylitis [14] . They showed that the annual cost per treated RA patient was lowest for etanercept, followed by adalimumab and infliximab (US$16,787 vs. US$19,308 and US$22,939, respectively). The main difference from our study is the identification of a cost difference between adalimumab and etanercept. However, this study did not conduct a direct comparison of these costs and took only the costs of acquisition and administration of biotherapies into account.
A retrospective USA claims analysis providing an evaluation of drug utilisation and costs in a population of RA patients treated with one of the three anti-TNF a treatments conducted by Bonafede et al. [16] led to the same conclusions than the study of Schabert et al. [14] , with an annual cost per treated patient of US$18,466 for etanercept, US$20,983 with adalimumab and US$26,516 with infliximab. Here again, the main differences compared to our study are the following: a direct statistical comparison of costs was not planned nor conducted, and the study only considered direct costs as acquisition and administration of biotherapies. In another survey, Zeidler et al. [19] studied real-life data on costs and dosing patterns in the utilisation of adalimumab, etanercept and infliximab in patients treated in Switzerland for inflammatory rheumatic diseases. Their conclusions were the same as ours when considering daily costs of treatment. They showed that medication costs were by far the most important cost driver, and that daily costs of treatment were similar for etanercept and adalimumab, but were higher for infliximab. One of the main assets of this study was a more complete analysis of direct costs, including, for example, laboratory tests. This analysis, however, was conducted on the entire population suffering from inflammatory rheumatic diseases without any differentiation between RA, ankylosing spondylitis and psoriatic arthritis.
The current study describes direct medical and non-medical costs taking all biotherapies into account and in a real-life setting. Aside from the possible criticism that quality of medico-administrative databases is more debatable than that of registries devoted to epidemiological surveillance, it is important to recognise that their quality improvement in terms of content and encoding is a constant concern for both CNAMTS and supervisory authorities [27] . The primary goal of medico-administrative databases is to provide information about management and payment of medical care, but their usefulness to support epidemiological studies is now well recognised thanks to their frequent updating and comprehensiveness that allows their use for recent years at more finetuned geographical levels. These tools are an asset for studies related to healthcare issues and to the optimisation of the resources management. Moreover, due to their compulsory fulfilling, few data are missing from those databases in contrast to some studies that require data collection in a declaratory mode [28] . It is also important to note that the price of the medicines remained stable over the entire year of the study.
The study had some limitations. Firstly, patients who were not insured under the general scheme were not taken into account. Secondly, data about indirect and intangible costs are lacking because of their relative complexity. Therefore, cost of illness is underestimated but cost comparison should not have been affected since indirect and intangible costs are considered to be the same in each group. Thirdly, it may be noted that the study provided a snapshot of biotherapies used at a given point in time and did not allow for the observation of changes in prescribing practices over a longer period. Finally, existence of confounding by indication cannot be ruled out. That bias largely met in observational studies would reflect the fact that IV biotherapies could be prescribed in preference to patients who are more fragile than those under SC biotherapies. The differences in patient's characteristics could lead to a greater cost in the infliximab subgroup, but that bias is likely to be limited in this study because all biotherapies are indicated to treat RA at the same stage [10] . The choice of the practitioner to treat with either IV or SC biotherapies is more based on patient's comprehension of his condition and possible adherence to treatment than on a potential frailty. Moreover, a further qualitative analysis of consumption of the medication was carried out and confirmed there was no difference in term of concomitant medication in patients treated with infliximab, adalimumab or etanercept.
Conclusion
The results showed that costs of RA management lies not only in the price of biotherapies, but also in the cost of hospitalisation of inpatient care. Treatment with infliximab was more costly than with adalimumab or etanercept. These findings are aligned with the beliefs of both national and international publications that demonstrate inpatient care is more expensive than outpatient care, primarily because of hospitalisation costs [12, [14] [15] [16] [17] . If all RA patients treated with infliximab in Alsace throughout 2012 had switched to adalimumab or etanercept, the total cost savings would have reached €250,000 at a regional level. Extrapolating to the whole country population, the annual cost saving could be more than €8.3 million. However, even if the study provides strong evidence that infliximab is more expensive than adalimumab or etanercept, final conclusions have to be made in the light of additional concepts such as the notion of quality of life, and some further studies are needed to prove outpatient care is indeed the most cost-effective way to treat RA patients.
Recent market approval of biosimilar medicines will lead to a repositioning of the different RA biotherapy management pathways. For instance, biosimilar infliximab has obtained its European marketing authorisation for RA in September 2013, and its cost should be about 30 % lower than the non biosimilar compound [29] . Likewise, tofacitinib, an oral treatment approved in more than 20 countries, could significantly affect RA patients' management. The medico-administrative databases should provide an effective support to better evaluate the changes brought by the latest innovations and to shed a new light on questions related to the reduction of healthcare expenses.
